We present the results of Spectral Energy Distribution (SED) fitting of far-infrared galaxies detected in the AKARI Deep Field-South (ADF-S) Survey and discuss their physical properties. Additionally, we perform a comparison between photometric redshifts estimated using only optical and both optical and infrared data. We conclude that our sample consists mostly of nearby galaxies rich in dust and young stars. We observe an improvement in the estimation of photometric redshifts when the IR data are included, comparing to a standard approach based mainly on the optical to UV photometry.
INTRODUCTION
AKARI, the Japanese satellite dedicated to infrared (IR) astronomy (Murakami et al., 2007) , was launched with the main purpose of creating an all-sky survey, but it also performed two deep surveys around the ecliptic poles. Our analysis is based on one of these deep surveys: the AKARI Deep Field South (ADF-S). This field, characterized by the lowest Galactic cirrus emission and located near the South Ecliptic Pole, allows for the best far-infrared (FIR) extragalactic image of the Universe. Using the Far-Infrared Surveyor (FIS: Kawada et al., 2007 ) onboard AKARI, it was possible to create a FIR map of the ADF-S field which covers approximately 12 square degrees. This survey was done in four photometric bands: 60 µm, 90 µm, 140 µm, and 160 µm. 2263 infrared sources were detected down to ∼ 20 mJy in the 90 µm band. The first analysis of this sample in terms of the nature and properties for 1,000 ADF-S objects brighter than 0.301 Jy in the 90 µm band was presented by Ma lek et al. (2010) .
DATA
The main aim of our work is to build a galaxy sample with high quality fluxes from the ultraviolet (UV) to the FIR using the ADF-S sample. We use the ADF-S multiwavelength catalogue (Ma lek et al., 2010) , based on the 1,000 ADF-S brightest sources in the 90 µm band, which contains 545 galaxies identified by finding counterparts in other databases. Additional measurements, mostly from WISE (Wright et al., 2010) and GALEX (Dale et al., 2007) , and additional information 142 MA LEK ET AL. from public databases (SIMBAD 1 , NED 2 , and IRSA 3 ) were used in our analysis. In Table 1 , we summarize the main data used for our analysis.
Redshift Information
Spectroscopic redshifts (z spec ) are available for 129 galaxies among the 545 galaxies identified in Ma lek et al. (2010) . Some of them were collected from public databases (NED and SIMBAD). Additionally, we use redshift measurements of Sedgwick et al. (2011) .
In our sample, 416 sources are identified in public catalogs as galaxies, with photometric information but no redshift.
In order to analyze the properties of all the identified galaxies, we decided to estimate the photometric redshifts (z phot ) of the whole sample. We used two codes: Photometric Analysis for Redshift Estimate (Le PHARE 4 ; Arnouts et al., 1999; Ilbert et al., 2006) , and the Code Investigating GALaxy Emission (CIGALE) SED fitting program (Noll et al., 2009 ).
CIGALE is not developed as a tool for estimation of z phot but since it uses a large number of models covering the whole spectrum including IR, it is expected to (Ilbert et al., 2006) , and marked as a black solid line. Dashed-dotted lines correspond to the z phot = zspec ± 0.055 · (1 + zspec). Eight galaxies without z phot calculated successfully are not included at this plot.
provide better z phot than software using mainly optical to UV data.
We performed a test on the sample of 95 galaxies with known z spec and at least 6 photometric measurements on the whole spectral range (see Fig. 1 ) and found that less than 10% of z CIGALE may be biased by catastrophic errors, while for the same sample Le PHARE was not able to determine redshifts for 8% sources, and in additional 12% cases the estimated values were affected by catastrophic errors. Results plotted in Fig. 1 show that the difference between estimated and spectroscopic redshifts, in the case of catastrophic errors, is higher for z phot than z CIGALE . Consequently, we decided to use z CIGALE for sources without known spectroscopic redshift for the subsequent analysis.
SED FITTING

Sample Selection
To study the physical parameters of ADF-S sources we selected galaxies with known z spec or z CIGALE and with the highest quality photometry available. The main selection criteria were to have redshift information, and at least six measurements across the whole galaxy spectral range. As a result, we use 129 galaxies with z spec and 128 galaxies with z CIGALE . All available photometric measurements were then used for the SED fitting with CIGALE.
CIGALE uses models describing emission from a galaxy in the wavelength range from FUV to FIR (see Noll et al., 2009).
A mock catalog was constructed to check the reliability of the parameter estimation by CIGALE, following the procedure described by Giovannoli et al. (2011) . The comparison between the results from mock and real catalogs demonstrates that CIGALE provides a very good estimation of physical parameters like stellar mass (M star ), star formation rate (SFR), 4,000Å break (D4000, defined as the ratio of the flux in the red continuum to that in the blue continuum), dust attenuation in the V (A V ) and FUV (A FUV ) bands, dust attenuation in the V band for the young stellar population (A v,ySP ), and bolometric and dust luminosity (L bol , L dust ), with values of the linear Pearson moment correlation coefficient higher than 0.8.
RESULTS
We restrict further analysis to the SEDs with a minimum value of χ 2 lower than four. With this condition, 73 galaxies with z spec and 113 galaxies with estimated z CIGALE were successfully used for SEDs fitting.
Redshift distribution for our sample is shown on Fig. 2 . The mean value of z spec is equal to 0.067 ± 0.043, while its median value is equal to 0.047. The distribution of z CIGALE is characterized by mean value 0.159 ± 0.208 but with a long tail reaching z = 1. This high z tail is not necessarily due to catastrophic Fig. 3 . The relation between the D4000 parameter and logSFR. Open circles represent galaxies with logM star < 10, full circles are sources with 10 < logM star < 10.5 Open squares correspond to galaxies with 10.5 < logM star < 11. Galaxies with 11 < logM star < 11.5 are marked as full squares. Sources with logM star higher than 11.5 are plotted as open diamonds.
errors: it can also be real, since our sample of z spec is strongly biased towards low redshifts by the selection made by the observers (Sedgwick et al., 2011) . The median value of z CIGALE is closer to those of z spec and equal to 0.06. It suggests that our sample consists mainly of nearby galaxies, luminous in FIR. We found that galaxies in our sample are typically very massive, with median value of M star = 3.28 × 10 10 M . Moreover, the analyzed sample is rather luminous, L bol = 5.15 × 10 10 L , also in the dust-dominated part of the spectrum (L dust = 1.56 × 10 10 L ). The median value of the star formation rate parameter, SFR, is equal to 2.22 M yr −1 . The median value of A V parameter, describing dust effective attenuation for stellar population at wavelength equal 5,500Å is 0.47 mag, and median value for attenuation in FUV filter (at 1,500 A, A FUV ) is 1.87 mag. The parameter A V,ySP , which describes V-band attenuation for young stellar population model, spreads through almost the entire range of input parameter from 0.1 to 2.25, with median value 0.97 mag.
The D4000 may provide information about the age of the stellar population. The break in spectra occurs on the grounds of the accumulation of a large number of spectral lines in a narrow wavelength region and it is strongly connected to ionized metals, wherefore the D4000 break is strong for old galaxies, rich in metals, and much weaker for galaxies with young stellar populations (Kauffmann et al., 2003) . Kauffmann et al. (2003) found that the distribution of stellar mass shows a clear division between galaxies dominated by old and more recent star formation, which are discriminated by their D4000 parameter. D4000 ∼ 1.3 describes young galaxies, and old, elliptical galaxies are concentrated for typical D4000 value of 1.85. Most objects in our sample (64.52%) have low values of D4000 (< 1.5). Galaxies with depth of Balmer break lower than 1.3 comprise 31.72%. It suggests that our sample consists of active, dust-rich galaxies, dominated by young stellar population.
We found that D4000 is strongly connected to SFR (see Fig. 3 ). Galaxies characterized by low factor of D4000 frequently have a very high instantaneous star formation rate. This dependency in our sample is also related to the stellar mass and redshift -the massive galaxies in our sample have higher redshifts and lower D4000.
